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o THE AEALTH PUYSICS 4SFECTS OF URANIUM PROCESSENG

ABSTRACT

The general problems assoclated with the Nealth physies sapects
of ursatum processing ars described, The physical character-
{stics of the radiations from uractom are presented along with
& summary of the dMalagical aspects of uranium exposure, Typl-
‘ cal analytical equipment and techniques are descrfbed as well as
the nuclear Mstrumientation requirad to provide the necessary
arza and personnel monitoring. A discussion of established
methods of axposurs eontrol is alss included.




THE FE2LTT PUTSICI ASKLECTS OF URANIUV M FROCES3IING
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Ths industrial procsssing of uranium ls gamewhat somplicated by the

fact that uranium is both a redisuctively and chemically toxic matorfal,

£3 such, special tochniques ars required n the handiing of this material

in arder that the asaselated hasards may bs sdequately eomtrolled, Years

of 3@@:’!3&& in both AZC regearch laboratorias and praduction facliities
m that thesa techniques are ust ovarly restrictlve and that

sntirely adequats csotrol can be achiaved by the appiication of good inftial

dasign soupled with sensible asara&m. Tha intent of this paper 1 to

d=scribe In more or less Jsneral terms the considerations that hava evalved

theough the years snd which have resulted In a program which strikss, withe

sut mutusl sampromiss, &n 2quitabls balancoe Botwaen economy and safety.

The radiactive decsy of sach 2f the Impartant {satopas of uranium is charice
tzMzad by the emission 3¢ an algha garticla, ‘This process, which leads to
the formation of an Is3topa of the element thorfum, s shown in Figure 1,

18 Ccan be seen, the alghs decay is followed by one or more beta dacays each
of which 13 accompanied by ansthar change of species, . The ultimats and of
this serfes of trunsformations is in sach cuge a stobla {satope of lead, byt
aince this process mequires millfons of years, it is of academic interest
snly. In gencrsl, it is the srafssion of the 2lphs qartdcles which makes
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3.
urantum a sadiologioad hagard, The assoclated beta disintegrations and
thelr scoompanying gamma rays, becsusze of thelr much higher penstrating
powar, mmtamrmxmdmmﬁm&aw
but a significantly greater hagard whon axternsl to the bady. Sincs the
rangs of the urantum algha particles is anly abost K0 micrans in tssus,
ths agsoclated radiation hazard 1s nagiigible until tha matertal 13 taken
ini> the bady. However, suce insids, the hasard is constderadly magnifizd
because of the dense fonization assoclated with the alpha particles.

HAncs the spscific activity, o the activily par unit muas, varias inversely
as the half Ufe of a radislaotops, each isstope of uranium has & diffarent
dagraa of redisactivity. Tha mothod of detarmining the specific activity

13 shown in Figurs 3 alang with the calculated valuss for the urantum
isotoges of interost, Figure 3 shows the activity relationship between those
isstozes and can be md@&&mmmemmwmmemma
tsstoplc mixture provided the compasition of the mixture 1s known, The
total specific activity i3 meraly the sum of tha specific sctivities »f the
eompononts ag read ou the srdinats of the gruphs., R can easily be seen
mat\mmmmmmnmmwmsmmwcam
position, in fact, it accounts for about 49 per cent of the total sctivity in
normel {sotopdc urantum and sver 85 per cant in typdeslly enriched urantum,

The shemical taxieity of ursntum depends on the soludllity of the compound;
the more ssluble being more taxic, As with most heavy metals, the primary
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‘ sifact iz ou the kidney. E£ven thaugh ursnium is perhaps ane of the more
toxis of all polsons, relatively large amounts can be tolerstad since it is
absarbed by the body £2 suly & small degroe, The radisactivity of uranium
further complicatas mattars becauss now the bislogicsl effact 1s nst
necessarily mass Jdepandent but, as we have seen, depeads primarily on
the ursnfum 234 e;meutraﬂén. Here the solubility, route of antry and,

to 3oms axtent, the valence state determine the internal dstrifbution,

m&mwm’wmdw#mixmsﬁmmhﬂww.

ﬁa radisbiological effects of intarmally deposited uranium are asgociated
with ths effects on a socalled eritical argan which I defined as that orgen
recetving radiztizn damage which results in the greatest sverall damage

t> the body. R is generally the orgen which contalns the highost concentratin
of the ursalum. AS has-been shown, for soluble normal lastoplc urantum,
this Kidney becomas the critical orgen, For instluble material, both normsal
and enriched, the lung becsmas the critical srgun whila for soluble enriched
matarial the boos 13 the critical organ. The radiation sffacts ou these jrts
of the body may, In genarsl, ba axpacted to be similar to the well published
effects assoclated with other types of radiation exposure,

The maximum permissible sxposurs Umits for radisactive materfals are
genarally based om the recommendationa of twd recognized groups; the
Xational Committse on wdiation Frotection and the Intornatfonal Committee
1 Zsdlation Frotsctisn, functioning under the auspices of the Hetional

Bursau of Standards and the Intornationol Congress of adislogy, respectivaly.
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The basic limits for radiation sxposure are founded, in pert, om the
many uafortimats sxperiences which securred during the aarly history

¥ Ze.rey and radlum uzage, In somo cases, the establishment of thess
lavels is alded by animal axposurs data, but thia is generally limited

to studies of distribution snd excretion of internally deposited matordals.
With uranium, the situation ts a firmer ground since some human
exposura cases are availabla to support the values sbtained from animal
data sxtrapalation, Oncs the diatribution patters is knowm, it becomes
possibla to caleulats the excration rata correspanding to the permissible
body burden. In making thg ealculations, gensrally 4 simple expomential
alimination is assumed. This oversimplification is used for ease of
spplication sinca alaborate calculating equipment would be required to

. bandls a large number of exposures troated by a more exact excretion
modzl, Ths maxizum permissibiec limits recommendad by the Matiomal
Commitize on Radiatizn Protection for alr and water along with the ex-
eratisa limits caleulated by the method described by Neuman(l) are shown

in Aqure &,

etaods of Anslysis

Analyses of the stmospheric contamination in the Sperating arszs are
gencrally used 1o asssas the degree of hazard resulling from the Inhalstion
of uranfum or its compounds, Thers are many ways in which this can be
don2, but perhaps the moast widely usad is the filtratisn methad In which
standzeod paper filtars are used to remove the particulate matter, The
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eoliactad mataial i then analyzed by measuring the number of alpha
particles procuced by the radlosctive decay of the urantum, If the of-
ficiency of the fiter and ountar {3 mown and the volume of alr passing
throush the Hlter has been measured, then it becomes s relatively simple
matter to caleulzte the magnitude of the alr-borne contamination, Flgure §
shows three typle:l samplers uttlizing filtar callection aystems whils an
exzloded visw of one type of filtar holder is shown in Figure 7, Another
mathod of eollzcting particulzts matiar utilizes the alsctrastatic prociple
tation ;:élmiple. Here the particles are elactrically charged in passing
tarouzh a corona discharge snd then esllacted ou tha surface 5f a metul
cylindor or disk by slectrostatic attraction, The material is thon radio~
assayzd In much the same manner as befare. Both of thess methods are
sonsitiva down 13 about 1/10 of ths maximum permissible Umit, but they
{far from m2 ammaﬁ dsadvantage. Sncs all particulats matier is
eollected, the radisactive daughter products of radon éné thoron are dee
positad along with the urantum, Thess materials, which ariss from minuts
araounts of radioactive eontaminants in the ground, sre always pressut in
an undistributed atmosphare, By a ¢gross radiometric anelysis, thags
matarials are als> eounted and because of thelr very high specific activily
can, it times, completaly mask the urantum sctivity, Fortunately, becaus:
af their short half life, a walting perisd of 24 hours an:wa far almoast
complets decay but 2189 prevents the final asalysis 3 the uranium coatemi-
nitisn prior to the end of the 24 hour period. Alpha pulse analysis will
eircumvent the delay, but this requires slsctromic equipment oot genarally
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FIZURE 7. EXPLCDED VIEW CF FILTER ZOLDER
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available sutside of resaarch laborstories, EKnowing the effectfve half
Uves of the radsn and thoron daughtars, & eorrection can be appli=d to
the osheserved counting rates shtalned at two separated times but this is,

in genaral, oot too accurata,

Ansther sampling principle is sxemplifisd by the Impactor type samgpler.
This devics utilizes the Inertia of the particulate matter in the collection
troc2ss in that sn sbrupt changz in the direction of the air stream causzs
the heavier particies.to impact on a eollecting disk, The smaller, and
tharsfore lighter, particles f5llow the alr stream without fmpection and,
eansequantly, are not eollactad, This method has the advantage of paszing
absut 30 per cunt of the radon and thoron daughter products sincs the larger
traction of this activity is carried by the very small inert dust particles, &)
In the 2ascade Impactor, this same principle is utilized to measurs particles
sizes., The alr stream is passed through a serias 3f impactor stages sach
dasigned to pess smaller particlss than those jessed by preceding stages.

If the aquipment is projerly calibrated tor particles of glven sizs and type,
then one alr sampier will eolloct essentislly all of the ursnjum and separate
ths particles into the varisus sizss at the same Hme, Such a device, con~
sisting of two cascadad stages, 13 shown in Figure .

. varlety of gortable radlation detactars are avallable for measuring either
radiati-n flslds axisting near sources of radiation or Mve contamie
netion deposited m mrf'aées. Whils maost of this equipment was ::riq:!naﬁy
dzsignad and {abricated In Atomic Znergy Commission laboratorics, many



PORTABLE RADIATION DETECTORS

FIGURE 9,
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ars now commercisily avallable, Zzamples of four typical and diffsrent
types of such instruments are shown in Figure 9. The ionization chamber
Instrumant in the upper laft is used 5> measurs beta and gamma radiation
flelds at and above the MPL range whils the Gelger-lifwllsr fnstrument
mﬁmmrlanmeams&emrﬁmm&m:watmd
below the ML, The thin window lan chamber in the lower right {s gensrally
usaed t3 measure low lavel surtace contamination btut has the dlsadvantags
'sfmmngnmmmmm_mm The pro-
poriionsl mrmmupmrﬂ@tmwm‘wm@ammm
axpense aiszmhﬂkmssssnéwdedm h;mumammmn
befmmdfnrnnwm

Thase instruments sra callbratad by placing them in verying radiatisn fields
mdabsarﬂmmsmm@tmmf:rawathmmﬁes. zsn
are of the rate measuring type In that they maeasure nst the total radiation
doss but the rete at which the dose 1s belng delivered. The time Integral of
the dose rats is the totul accumulatad dose and thia quantity is always
mezsurad by an intograting dovice., Several examples are shown in Flqure 10,
Ths fllm bedge and Alm ring are small devices which csn be worn mn the
mwmmmammmrwwwm&m
exposure received, Each comtains a small pecs of radiation sensfttve photo-
graphic amulsion which darkans upon exposurs. ’ﬂsd&qrecaid&r,
and thus the total sxposure, is determined by measuring the aptical density
of the developed flins, fetal abields are used over part of the emulston to
assist in the determination of the type of exposure and als> to decrsase ths
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® energy dependency of the blackening., The pocket chamber is sometimes
usad a5 a suppioment to the fllm badgs, It has the advantage of not
raequiring slaborate processing and, thus, can be used yver short time
intervals, but it possssses the disadvantages of being somewhat delicate
and costly.

Personnel monltoring in the cass of axposure to alpha rediation cannot

be accomplished by the use of film badges, hcriammigyais, in which
the individual himsslf serves as the monitor, affords the only practical
approsch, With foreknowladge of the distribution and excretion pattarns
in an average individual, it Is possible t5 relats interazl exposure to the
amount of urantum found fn the urine, This type of monftoring, which

. required snly standard analytical equipment, is a necesalty {or any progrom

invalving the routine handling of ursnium or lta sompounds.

mamwcaxmmmmqmmw The electroplating method is
used for suriched uraniurs in order to take sdvantage of the high specific
activity, Here the urine 13 processed to dastroy the arganic material and
then slectroplated to deposit the uranium on & metal disk. The disk is

ther countad in some kmown sfficiency alphs counter to detarmine the actusl
amount axcrated in the-sample. Figures 11 and 12 are two views 5f 2
mmemmﬁaﬁmwmﬂmwm@w& ‘A mu3s arrangs-
ment of 2alls in an installation such as that shown In Figure 13 is capabls of
handling savaral mndred samples per week. The alpha counting is usually
done with squipment typified by that ahown In Flgure 14, The one on the left
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ALPHA PARTICLE COUNTING EQUIPMENT



is an antomatic scintillation counter capable of analyzing 250 samples

In succession withaut aperator attention, The counters on the right use
proportional chambers and ars perhaps battar sultad for small programs.
For aormal uraniun samples, in which the specific activity 1s l1ow, &
chamical tachnique s used, Hemt&mﬂnhﬂmdﬁth:campmd
o enhance the uranfum flusrescence and then axposed taultra-m:alet light.
The degres of fluorestence is measured using sensitive photoslectric
squipment and this quantity then related back to the mass of urantum ox-
creted. A typical installation espable of provessing about 500 samplea
per week 1s shown In Figure 15, |

h&a&cmvmwamersmkarmwdapaNmmm&m
aampnnqisreqaired. Mm&mm&&mﬁﬂmﬂemsmtm%
mmwmwmsmhmm Tha problem
o be overcoma 1s that of distorting the flow pattarn and subsequant perticle
esllaction by the introduction of & forelgn object into the alr stream, K

the sampling head {3 designad in such a way that sintmum sbstructin is
prasentad t5 the alr stream and {f the alr veloeity in the sampler 1s adjuated
5 that In the stack, then this distortion fa minimized. A typical lsokinetic
sampling head Is shown in Figure 18,

‘Water sampling prassnts a speical problem mmmm&snﬁgemrzmy
constant and, mﬁmﬂaﬂlyintbesmaﬂarhﬁnﬂes. the waste discharge is
ast contimiosus but accurs in discrota batches at verying intervalz, This
necassitates the Installation of continuous samgding equipment. Shown in
Figurs 17 is such a device which 13 used in conjfunction with a guging statlen
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‘ t> measurs stream flow, The sampler can be quite simple; the oms shown
utilizes a plastic dipper swinging through the water at prescribed timao
intorvals,

Many of the problems assoclated with wranium processing can be largely
eliminatad thraugh proper initial design of the processing equipment. The
chilosophy is o0e of containment coupled with proper ventilation contrsl.
The ventllation requirsments must be taflored to each situaion and then
rigidly adhered to; rate of alr change, dirsction of flow, snd alr velacity
must all ba controllsd, In general, systoms are desigued to carry air

‘ from the dSperstor ta the work and in such 2 way that matural sottling dus to
gravity is complomented rather than opposed, Areas of tarbulent flow
shald be avolded where possibla. Any unit speratins leading to dust
gensration; such as, grinding, pulverizing and mixing must, in gensral,
be clased or contalned, One Such comtainer is shown In Figurs 18, This
mbmxsammmgmam:opamnmmmmagns
equipped with a filtered atr sxhaust., Unless slaborate stack systams are
provided, mwmwﬁagsmmhﬁmdaﬁnmmmcmd
operations., For suriched materfals, this presents no added expsnse because
mhsymm&semumﬂeammmxmﬂaemnm.
‘hanyaperaﬁm,mhasmmemmmm;mezg bﬁt,

@ it o sense, the use of such squipment 1s an admisston of engincering defeat.
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® "It would be impossible t describe here the propar equipment for sach
processing step as ssch case Is different. As an example of engineering
. ingenuity, tha particular case of the ghip trap may be deseribed, This
dsvics, which is shown in Figure 19, is used t> remave metal chips from
exhaust ai streams but the basic principle tavoived could be spplled ta
any sttustion tovolving large perticulate matter. The particle laden alr
stream is introduced ints a large sattling chamber by means of a deflecting
batfla, Since the erass sactimal area of the chamber is large comparad
15 that of the influent and efflusnt alr ducts, the alr velocity within ths
chamber s greatly reduced. The combined action of natural sattling, which
is undtsturbed by high sir velocities, and the downward inftisl motion
‘ tmpartsd by the baffla gerve to remove tha larger particles from the alr
stream.

Froper sxpasurs coutral through the use of containment and ventilation autoe
matically laads t> comamination control. Surface contsmination generslly
is a nuisancs and, ummmmhwmaﬂmnmimmre,
it undaudtadly plays some part. Contaminatisn eontral ean be initially attaived
thraugh the praper design of squipmént and facilities but only through goxd
houszkesping can 1t be maintained. Alr contamination is intimately associstad
with surface contamination and contral of Jne caont be completely attained
withaut contrsl of the sther,

‘ dven with good cmtral over contamination situations will arise in which
perasonnal and equipment bacome contaiminatad to 2 degree requiring action,
Fartunataly, urenium is quite sasily r=moved; standard detargents ara
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genorally adequate. Wetting agents are of doubtful value, but in sevare casss
scid washes are samettme_s_ ussd. Katurally, casss tavolving the decontami-
nation of persomnal shauld be dons only under medical supervision.

In the finsl apalysis, it may be sald that the old adage "an unce 3¢ prevention
is warth a pound 5f cure” was never more true than when handling radisactive
materials, The prevention of radlatisn Jvarsxposures becomes all the more
important whan one roalizes that, as yet, mwmmmt
the bisloglcal damage resulting from severe or continued osccurances, The
3¢ most importast factor in the successtul Jparetion of sny processing
facility is 2 constructive attitude, devaid of fear, bDut famded 2u a whalagome
regard far the problem, |
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